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o Lo Introduction

[N

The original pr,oposal’ for Phase II of the Cache Marker System
réquired developne_nt of engineering pmtofypes and evaluation of the
various systems specifigd. Later modificatlons includéd any other |
systems which showed promisé. On March 27, 1953, a meeting was he_sld
to discuss progl;ess of the project withbrepres.entatives bf the Govern-

ment and this company, At that time we were told that the need for the

Cache Marker System has become most urgent. We were also asked whether

we could deliver approximately 200 transponders in about six months,

To meet this new situation, Qtfoits to find an optimum system
have been curtailed, Insfead, we are building a worklng model of a
system which has demonstrated sufficient sensitivity to meet the Cache
Marker System range vrequirements.

Upon completion of this pilot model, field tests will be per-
formed to demonstrate the ability to accurately locate the transponder
buried ﬁnder the ground,

‘Upon sucoesafﬁl‘ completion of the field tests, we can proceed
with manufacture of transponders, Improvement of the detection system
can be carried on after the transponders are put into use,

1. Detection Systems

A brief description will be given of observations made of each

of the systems investigated. The progress and problems encountered in

building the pilot model will be given in detail,

This document contains inf':orxnati

: on affecting}the nationa

.defense of the United States within the mngl .

Espionage Laws, Title 18, U.S.C.,

The transmission or -the revelation of its contents in anpy

@aoner 1o an unauthorized person is prohibited b 8w, -
_— N ¥, pobatar

eaning of the -
Sections 793 and 794.

50X1

CONFIDENTIAL

SECURITY INFORMATION
1300030006-1



- Declassified |n Part Sanltlzed Copy Approved for Release 2014/05/01 CIA RDP78 03153A001300030006 1

50X1

L

CONTIOTNTIAL . e

< © SECURITY INFORMATION | T T I

Ao 'croséedocoila~3ysﬂmy ‘ff_” . f?’ |
It was stated in m;erm"néport No. 1 that ths baaic‘
. difficulty with this system is the residual signal uhich
remaing after the best. balance 1s obtained by mechanical .
- adjustment of one collts position uith respect to the other. o
It was further stated that the raaidual signal could be '
_ minimized by introducing electrostatic shielding botween
the transmitter coil and the roceiver coil, It was :ound
that when shielding reduced the residual volt;age by a
considerable amount, the sensitivity of the system was
correspondingly reduced. However, an amplifier has been
@ ' built (in connection with the Q meter system which will be
discussed in another part of this report) which allows one
to measure small variations of amplitude of & relativelyA
large signal, Thus, it does not appear at this time that
inability to obtain a small residusl signal will be serious
difficulty in applying this systen, l
The main objection to this system, however, still ree
maing; namely, the requirement of two coils whose orientation
with respect to each other must be majntained accurately,
The geometry of the crossed coils is bulky and thus undesirable
from a tactical point of view, In view of the presenf urgency
of the Ceche Marker Sysbein development, no further work will bve

dons for this system under the present task,

C
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I1Y. S@eruﬂagamratiw 'Rec'eive‘r

The super-regenerative receiver achieves extranely high sen=
sitivit.y by use of an oscillatory oircuit. whose feed~back is controlled |
in a manner which causes the circuit to break in and: out of oscillation
at an inaudible rate. The effect of an imo,min'g'aignal is to change the
duration of th; oscillationé, thus imposing an‘audio mcfdula‘llsién on t?ie
; otherwise periodic pulses of oscillations Very véak aigﬁal& are capable

of perfoming this runction because ot the ex'tremely high Q of the LC

circuit in the region where the circuit is on the verge of oscillating

or on the verge of stopping oscillation., This circuit thus combines

the function of a transmitter and a receiver when the L of thé circuit
C is left unshielded and its field is allowed to radiate. It was thought
that, because of these properties, the supsr=regenerative detector could
be used for detection of transponders, During the time that the circuit
is oscillating, circuiating current is induced in the transponders which
continues to "ring" after oscillation in the detector has stopped. This
cireulating current induces & voltage in the inductance of the detector,
causing the period of oscillation to be increased.

| Experiments utilizing this type of circuit were carried out, It

was found that the system worked, but only for a limited 'distance. A
range of approximately six feet was achieved. Within this range the trans-
ponder caused the detector to produce an audio signal, The intensity of
this signal did not vary markedly with the changes in distance until a

distance of about six feetwas reached. Then the audio output stopped com-

C pletely. The mechanism which causes the audio signal is not comple;oely
understood. No further development has been carried out on this system.
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Iv. Balanced Bridge Circuit

The impedance of a high 'Q pﬁrallel tuned circuit can be e;preaaed
as QWL, Any changes which occuf in the. Q of the circuit will thus directly
change the impedance of the circuit. On the basis of this, 1t was decided
that an AC bridge using a parallel tuned circuit as one of the legs ;aould
be used to detect the preserice of the transponders, The effect of trans-
ponder presence is described by ?.‘_2_;1_"3. where W is the angular frequency,
M is the mutual inductance between the tuned eircuit and 'r is the AC
resistance of the transponder. An attempt to provide such a eircuit was
only partially successful, It was féund that, due to distributed capacity
in the circuit, balance was extremely difficult to achieve, One successe
ful experiment, however, indicated that thé changes in ',Q were indeed
appraciable and oonsideratioéx of this circuit lead to the use of a Q meter
circuit as a detection systenm, -

7. ~ Q Mater Cireuit

A gimple experiment was performed using the Model 160-& Boonton
Q meter as a detection system. At distances of about eight feet, the
change in Q as read on the Q meter due to tu_ning the transponder to the
same frequency as the Q meter was observable. "This served as the basis

for a new detection system. This system has the inherent advantage of

' faquiring_oply a single coil,

‘ A'Boonton Q mat.eréonﬂnta 61‘ an osciilat.or‘, a msans of coupling
energy from the oscﬂla'wr to aupply e very umall reaiatance (.0l ohms)
with about ons«hslf ampers of curront. ‘Ihe voltage daveloped across this

resistanée is used to drive a series LC ci.rcui't. whi_chlis tuned to resonance.
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! . ' coe
At rasonance the voltaga developed across the indnctance ie equdl to Q .
lttimas the voltage across the small resietance. The .0k ohms—resistance
prevents the low (but comparutivaly 1arge) resiétance ot ths'aerioa tuned
circuit from loadlng the VOltage source and thus varying the wltage ine
duced in the. circuit as the eircuit is tuned. The woltage developed
" across the inductgnce is applied to a vacuum tube‘?oltmetor. _
An insrease in sensitivity of this system can be achisved by
"uaing a tuned ecircuit wi?h the highest practicabio Q and as large a
voltage. as can be developed acrossfﬁ very low resistance, In order %0
detect small changes in the voltage developed across the inductance, an
amplifier was developed which only .sees the peaks of this vo;tagé and |
Q:} smplifies these peaks.

The Q of the céil is given by the raﬁio of the woltege developed
across the inductance to the voltage applied to the series resonant cire.
cuit, In the Boonton Q meter, the voltage applied fo the series resonant
circuit is kept constant so -that the vacuum tube voitnater oan be calibrated
directly in Q. The Q is equal to the ratio of the voltage developed across
the inductance to the voltage applied to the series resonant circuit, The
applied voltage should be as large ags possible in order for a-given change
in Q to produce the largest change in voltage.

In order to take advantage of this réct in obtaining a more sen~
sitive detection system, the circuit (Figufe 1) which sees the woltage
developed across the inductance shéuld only be sensitive to changes in
the peak voltage. This is accomplished ﬁy using & cathoﬁe-follower which

C:: is biased considerably below cut-off. Thus, the only voltages that appear

across the load of the cathode follower are those which extend above the
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cut-off voltage, causing plate 'tmrrer;t,to flow in the tube. A cathode
follower is ‘used instead of a ,vgltage'amplifiex; to achieve the high
input impedance necessary to prevent 1oadi;1é of the high Q tuned circuit,
In p'racti‘ce,' in addition to the peaks of ._tbe‘ voltége appearing across the
cathode load reai.staﬁce, thers is a vq].iage due to capacitive coupling
between gri;l and cathode.. The bias on the catﬁ&de follower is édjusted
8o that the peaks extend above this signsl. This voltage is applied to

a stage of amplification direct coupled to a cathode follower and t a
grounded grid amplifier. The grounded grid Iamplifier is biased positively
so that with no signal it operates in the saturation region, The positive
pesks, which have been inverted by the voltage amplifier, drive the tube
C‘ out of the saturation region but remove the cépacity feed-through signal
because the bias is set so that only the peaks'are of sufficient amplitude
to bring the tube out of satur'ation curreni. These peaks are then fed to
a cathode follower which are spplied to a half-wave rectifisr., The output
of the rectifier is applied to another stage of voltage amplification,
then fed to a cathode follower.. An indicating meter is connected between
the cathode oi: the output cat:hode follower and a voltage divider which
balances out the DC signal when the system is not in the presence of a
transponder. This circuit arrangement functions essentially as a window
which looks only at the peaks of the signal developed across the LC c¢ir-
cuit and emplifies small variations in these peaks., This system enables
one to utilize werysmall variations in the voltage developed across the .

LC circuit,

@
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Experiments using this def,ect;on syatem_indiéate that sufficient
sensitivity s available to detect the transponder at distances of greater
than 25 feet, These experiments were performed where the tuning occured
in the'traneponder. This is obviouely not the way the system has to
function, but it is much easier than t.uning the osc_illator end the LC cir-
cuit together, In theory, at. least, it should not make any difference
whether the transponder is tuned or whether the de'tecﬂon system is tuned,

In uilding ‘the pilot model of this detection system, all tuning
must be accomplished in thé detection system, while the resonant fregquency
of the transponder is fixed. This imposes a very stringent requirement

| on tracking between the opai'ating frequency of the oscillator and the
@ resonant frequency of the LC circuit, Measurements have indicated that
the capacity differences can not:- be greater t.hén ai:aout 0;15 nicromicro-
farads when the inductance of the osx;illator.and of the LC circuit are
the same, This figure is only approximate since it is a function of the
total capacity used and thus varies with frequency, being-more stringent
at. the higher frequencies, There is no ﬁnfomtioﬁ available as yet on
how close oommer;oially a;vailable dual air cspacitors can be made to track,
Inquiries have been gent out to all the major menufacturers of variahble '
air capacitors to detemine whether 't.hése tolerances can be met with
components now on the market. ' | | |
, The Ganeral Radio Company has informed us that their Type 1L27-4,
" varisble air capacitor, tracks withm 2/10 of 1 per cent of the maximun
: capaoity over a large port.ion of the range. 'Ihis appears .suitahle for our
C ,-reqniramenta. Howevar, th:ls capaoibor is not available 1n stock at the
presant time and will not be availablz until the lattor part of Septembar.
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In order to realize the sensitivity of this‘system, as demon
strated-e:q;erimen_tally by tuning ﬁae tranaponﬂe(r., an the oscillator and
LC eircuit are tuned, the output mist vary. only vefy slovly as a h‘mc'eion
of frequan_éy and préferably by a monotonic function of frequency. Any
slight changes in output which occur as the BYSW is tuned can be misread
as the effect of a.transponder. A.false indication éan, of course, aliays
be distinguished from the efféct of a transponder by changing the position
of the detection system and observing the effect this has on the output of
the ‘detection system. It wonld be desirable s 1if possible, to eliminate
_ these small variations and thus elimmat«e possible false indications,
Another fault of .this system is the effact. of hand capacity on
C the detection coil. The position of the-operator with respact to the .
detection system or the position of the detection system with respect
to ground changes the siray ca};acity of the coil, thus changing the tuning,
It is possiblé that this can be eliminated by electrostatic shielding,
but our preﬂoﬁs experience with electrosﬁatic shielding indicates that
in minimizing hand capacity the effm:tiv‘e ‘sensitivity of the system 15
also reduced. |
Vi, Coil Desigp_ ‘ _
The performance of the transpender coil &S well as the coils
used for t,he detection device has been imprcved greatly by .using plexi-
glaso foms in place of the previous masonite forms. The Q has. been
| mcreased approximabely 50 per- cent. ’ |
' Tha final daaign of the» transpondor "\fill be detem.’med by
C o o operational and oost considerations. ‘As presantly envisioned, the coi.'l. o
will'be a double pie-aection spldereweb winding on a pmuc forns 'The
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R --co:.l and capacity vd.ll ‘ne enclesed ‘n a teroidaﬁ. container cf glass fibre

o s ,: reinforcad plastic. Plastic c@a- d glase fibra imulating wool will be
- '-used to meport %he coil mt«hin the ¢ ntamer.~ The glaas wml will serva‘,_ SR

N "as a resiliént support, pemit‘oing distort.ion of tha outer eantainer to

o IR }occur without dlstorting the coile

C

| - a0 - CONFIDENTIAL
- s ' S S SECURITY INFORMATION
- Declassified in Part - Sanitized Copy Approved for Release 2014/05/01 CIA RDP78 03153A001300030006 1




